ABSTRACT
INTRODUCTION
Mass spectrometry has become a popular technique for biopolymer characterization. In particular, the recent developments have led to a steady increase of the number of proteome-characterization projects in numerous laboratories. Mass spectrometry generates huge amounts of data that will eventually lead either to the identification of a given protein or to the detailed elucidation of its structural properties (such as post-translational modifications, for example). While the identification of an unknown protein-by use of its mass spectrometric fingerprint-is a process that can be automated, even across networks (Pappin et al., 1993; Binz et al., 1999; Zhang and Chait, 2000) , the process of characterizing a protein's post-translational modification(s) is far more demanding on the biochemist/massist part. Indeed, a number of internet-based database searching engines assist in the protein identification process, but the usefulness of such tools declines rapidly if the researcher's concern is a protein's structural characterization and not its identity; for this task to come to a successful end, a great number of structural hypotheses need to be easily formulated and evaluated in as little time as possible, which is not reasonably feasible through a network, even if interesting attempts at this have been made (Wilkins et al., 1999) .
Here we present massXpert, a program that was designed to meet these specific requirements.
IMPLEMENTATION
The program was coded in C ++ and runs under MSWindows 9x/NT.
The user is presented with a two-paned main window where sequence editing takes place in the left pane and real time mass display is performed in the right pane (upper screen dump of Figure 1 ). The sequence editor is much like a rich text format editor featuring colorization of the residues according to the kind of chemical modification they have undergone. The right pane shows two columns of data. The left column displays the mass data of the whole protein while the right column is for the mass data of the currently selected portion of the protein (i.e. a peptide). The two panes are connected internally by a fully customizable mass calculation engine.
The sequence editor also serves as an interface to the protein chemical modification process, which is elicited by right-clicking onto the element of interest and choosing a modification from a list. Upon validation of the modification reaction, the masses of the polymer and of the selected peptide are updated automatically.
The user is free to define and register to the program any number and type of chemical modification in order to use it later to chemically modify the polymer. The definition of each chemical modification reflects the real chemical reaction: the formulae of the entering group and of the leaving group (if any) are asked, and the modification's net mass is thus determined by computing the difference between these (lower screen dump of Figure 1 ). This net mass value is added to the polymer mass whenever the modification is invoked to modify it.
Protein chemistry simulations are performed in three ways: first by making chemical cleavages of the polymer; Protein mass spectrometric data processing second by making fragmentations of little proteins or of peptides; third by using a sophisticated molecular calculator.
Chemical cleavages are simulated by invoking on the protein whatever enzyme the user had previously defined (using a simple cleavage specification syntax). The peptides' mass calculation process is fully customizable, as is the partial cleavage configuration, a feature that is highly desirable when modelling real proteolysis reactions.
Peptide sequence determination by mass spectrometry is achieved by fragmenting the peptide of interest and by analyzing the masses of the energy-generated fragments. massXpert fully supports the well-known protein fragmentation paradigm up to the level of immonium ions.
When more flexibility in user-defined chemistry is required, an integrated molecular calculator allows mass computations by addition of atoms, residues, modifications or mere formulae to a given pre-existing molecule.
Peptide mapping is one of the first steps in the protein characterization process. This step requires all the measured peptide masses to be compared with the masses computed for the theoretically expected peptides. This comparison work is tedious and error prone, which is why massXpert features a dependable mass search engine. In a single step, two separate searches might be performed in order to compare both monoisotopic and average masses. The mass tolerances (expressed as either percentage of the searched mass or absolute) can be set for monoisotopic and/or average mass searches separately.
Interestingly, the results are always displayed into a unified graphical interface: a list displays each peptide's or fragment's details into a mouse-sensitive item. Mouse clicking onto an item selects the corresponding peptide or fragment into the sequence editor, thus easing its localization in the whole protein sequence.
Amongst other interesting features, it is noteworthy that the user can easily switch from positive to negative mass spectrometric ionization modes (back and forth) with automatic mass recalculation according to the new ionization mode. In addition, an m/z ratio calculator eases the analysis of mass peaks corresponding to multiply charged ions.
Summarizing the results described here, massXpert provides an integrated set of proteomics tools that the biochemist/massist can freely operate with the goal of characterizing protein structural properties.
